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STATE  STANDARD  OF  THE  UNION  SSR  GROUP  V&6 

METAL  AND  NON-METAL  INORGANIC  COATINGS. 

METHODS  OF  CHECKING 

By  the  Decree  of  the  State  Committee 
;Of  Standards,  Council  of  Ministers,  USSR 
.from  6/ IV/ 1971 .  No.  693 

^Effective  1 /VI 1/1972 


rNoncompli ance  with  :*he  standard  will 
ibe  prosecuted  in  accordance  with  the 
|  law 

Official  Publication  Reprinting  is  prohibited 

5 

This  standard  is  expanded  to  cover  metal  and  nonmetal  inorganic 
icoatings  applied  by  the  electrolytic,  anodizing,  and  chemical 
Imethods  and  it  established  methods  for  checking  them  for  corres¬ 
pondence  with  the  requirements  of  GOST  3002-70. 

The  standard  corresponds  to  the  recommendations  made  by  SEV 
[Council  for  Mutual  Economic  Aid  (COMECON)]  on  the  standardization! 
of  RS  2457-70,  RS2458-70,  RS  2459-70,  RS  2460-70,  and  RS  2522-70.  j 

1..  SAMPLING  ORDER  _ j 

j  ' “  i .  1 .  The  number  of  articles  selected-  for  checking  is  deter- - 

mined  by  GOST  3002-70.  -  ' — “ 

f“ “~~1.2.  When  necessary,  the  areas  of  the  surfaces  of  the  articles 
on  which  the  control  measurements;  are  made  are  stipulated  in  the 
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16875-71 
To  Replace 
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GOST  3265-46 
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technical  documentation  with  the  article, 

2,  METHOD  FOR  CHKCKINO  THE  APPEARANCE  OK  COATIHOfl 

2.1,  The  method  is  baaed  on  the  detection  of  defects  on  the 
coating  surfnao  by  visual  examination  and  i»  applicable  for  articles 
of  any  shape  and  dimensions, 

2.2.  The  cheak  is  performed  by  examining  the  articles  with  a 
naked  eye  in  a  room  with  tho  illumination  of  at  loast  300  lux. 

Tho  need  for  using  optical  devices  with  indicated  magnl fication 
of  power  must  be  stipulated  In  the  technical  documentation  for  the 
article . 

Recommended  equipment!  loupes  of  typos  LI-3,  LI-/J,  and  others 
an  per  OOST  8309-57  and  HOST  759/1-55, 

Devices  of  various  dosigns  or  samples  are  permitted  for  de¬ 
termining  the  degree  of  luster  of  the  coatings. 

The  results  of  the  external  examination  aro  recordod  in  a  cer¬ 
tificate  . 

3.  METHODS  FOR  CHECKINO  THE  THICKNESS  OF  COATINOS 

A.  Physical  Destructive  Methods 

3.1,  Magnetic,  electromagnetic,  and  radioactive  methods  and 
the  eddy-current  method, 

3.1.1,  The  essence  of  these  methods  is  based  on  the  principle 
that,  depending  on  the  change  in  the  coating  thickness,  the  following 
changes  occur! 

magnetic  method  -  in  the  force  of  separation  of  a  permanent 
magnet  from  the  surface  of  an  article; 

electromagnetic  method  -  in  magnotic  flux  arising  between  the 
converter  of  the  instrument  and  an  article; 

radioactive  method  -  in  the  Intensity  of  the  reflected  beta 
radiation ; 

method  of  eddy  currents  -  in  the  impedance  transformer  of  the 
instrument,  caused  by  the  Induction  of  eddy  currents  in  the  part. 

3.1.2,  Application  and  special  features  of  these  methods,  de¬ 
pending  on  the  material  of  a  coating  and  the  basio  material,  are 
indicated  in  Table  1, 
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3*1.3*  In  performing  the  measurements  ,  it  is  permitted  to  vise 
instruments  (thickness  gauges)  of  various  designs  with  errors  in 
^percentages : 

--  magnetic  method  ...  +15 

electromagnetic  method  . . .  £10 
radioactive  method  . . .  +10 
eddy  current  method  ....  +10.. 

3.1.^.  Before  the  measurements  are  made  the  articles  are  de¬ 
greased  in  an  organic  solvent  (ben sine ,  trichloroethylene,  etc.) 
or  a  paste  made  from  magnesium  oxide. 

‘  "  When  the  paste  is  used  for  degreasing,  the  samples  are  washed 

thoroughly  by  a  stream  of  distilled  water.  These  are  dried  in  the 
fair  which  is  free  of  dust  and  oil  or  by  means  of  a  filter  paper. 

•  The  degreasing  process  ean  be  omitted  when  the  check  is  made 
I immediately  after  the  coating  has  been  applied. 

live  measurements  are  made  in  accordance  with  the  instruction 
jwith  the  instrument. 

3.1*5*  Arithmetic  mean  of  three  measurement  values  is  accepted 
fas  the  measurement  result. 

•  B,  Physical  Destructive  Methods 

;  3*2*  Metallographic  (microscopic)  method 

3*2*1*  This  method  is  based  on  the  determination  of  the  coating 
.thickness  on  a  cross  section  with  magnification  and  is  applicable 
for  determining  the  local  thickness  of  the  single-layer  and  multi- 
flayer  electrolytic  and  anodised  coatings,  primarily  as  an  arbitra¬ 
tion  method. 

3*8*2.  Metallographic  microscopes  of  all  types  are  permitted. 

»  Recommended  magnifying  powers;  500-1000  for  coatings  up  to 
20pm  thick  and  800  for  coatings  which  are  over  20  pm  thick, 
j  3.2*3*  To  determine  the  coating  thickness,  thin  sections  with 
»a  cross  out  of  the  coating  (cross  section)  are  prepared  as  indicated 
|in  attachment  1. 

The  surface  of  the  hin  section  is  degreased  as  instructed  in 
;||eptipn  3*1*^  and,  when  necessary,  it  is  etched.  Solutions  in¬ 
dicated  in  attachment  1  are  used  for  etching. 


*  The  microscope  for  measurements  is  readied  in  accordance  with: 
the  instructions  for  the  instrument. 

At  least  three  measurements  are  made  along  the  entire  length 
of  the  section. 

5  3.2. 4.  Arithmetic  mean  of  three  measurement  values  is  used  as 

;the  measurement  result. 

3.3.  Weight  method 

3.3.1.  This  method  is  based  on  the  determination  of  a  mass  of; 
Jthe  applied  coating  and  is  used  for  determining  the  average  thick- 
mess  of  the  single-layer  electrolytic  and  chemical  coatings  on 
parts  whose  mass  is  not  over  200  g. 

The  relative  error  of  this  method  is  +10$. 
j  3*3.2.  In  this  case,  equal-arm  laboratory  balance  is  used  with 
an  optical  readout  of  the  type  VLR-200  as  per  GOST  15076-69.  Other ‘ 
jtypes  of  balance  may  be  used,  providing  they  have  an  accuracy  j 

tup  to  +0.001  g.  i 

t  s  , 

3.3*3.  The  parts  are  degreased  in  accordance  with  Section  3*1*4 

‘  3.3.4.  The  mass  of  the  applied  coating  is  determined  by  weighf 

i  f 

jing  the  part  on  an  analytical  balance  before  and  after  the  applicaf- 
jtion. 

3.3.5.  The  following  formual  is  used  to  calculate  the  average; 
ithickness  of  the  coating  (Hay)  in  micrometers: 

s  j 

I  H  =  ~  gi )«1000° 

I  av  Sy 


where 


g^  -  mass  of  the  part  before  the  application,  g; 

g~  -  mass  of  the  part  after  the  application,  g; 

d  2 

S  -  area  of  the  coating  surface,  cm  ; 

■a 

y  -  density  of  the  coating  material,  g/cm. 

B.  Chemical  Methods 


j  3.4.  Jet,  drop,  and  stripping  methods  _ j 

3.4.1.  The  jet  method  is  based  on  the  dissolution  of  a  caating 

T  -  '  t 

with  a  solvent  flowing  onto  the  surface  of  a  part  in  the  form_of_J 
a  jet  au  certain  rate.  ,  _  .  . ,  1 


The  thickness  of  the  coating  is  calculated  using  the  time  it 
takes  for  the  coating  to  dissolve  (intermittent-jet  method)  or  by 
the  amount  of  the  solvent  spent  to  dissolve  the  coating  (jet-test 
method). 

The  point  at  which  the  coating  is  dissolved  is  established 
visually  or  with  the  aid  of  an  instrument,  which  records  the  change 
in  the  potential  or  the  current  at  the  moment  of  complete  dissolu¬ 
tion  of  the  coating  (electrojet  method). 

The  drop  method  is  based  on  the  dissolution  of  a  coating  under 
the  effect  of  the  solution  drops  applied  to  the  surface  and  which 
remain  there  for  a  certain  period  of  time. 

The  thickness  of  a  coating  is  determined  using  the  number  of 
tdrops  it  takes  to  dissolve  the  coating. 

The  stripping  method  is  uased  on  the  dissolution  of  a  coating; 
in  a  solution  which  does  not  affect  the  metal  of  the  part. 

The  coating  thickness  is  calculated  using  the  mass  of  the  disf 
solved  metal  which  is  determined  by  two  methods  -  by  means  of  a 
chemical  analysis  of  the  solution  or  by  weighing  the  part  before 
and  after  the  dissolution  of  the  coating. 

3. 4.2.  The  jet  and  drop  methods  are  used  to  measure  the  local 

■thickness  of  the  single-layer  and  multilayer  metallic  coatings  in- 

2' 

idicated  in  Table  2,  on  the  surfaces  whose  area  is  at  least  0.3  cm  . 
The  jet  method  is  not  used  for  the  parts  whose  contour  prevents 
•the  draining  of  the  solution. 

The  drop  method  is  not  recommended  for  use  due  to  the  large 
•error  and  the  duration  of  measurement,  especially  for  coatings 
•whose  thickness  is  over  20  pm; 

The  stripping  method  is  used  to  measure  the  average  thickness 
•of  the  single-layer  and  multilayer  coatings  of  the  parts  .having 
•small  dimensions,  primarily  it  is  used  as  an  arbitration  method. 
This  method  is  not  applicable  for  aluminum  alloys  of  types  AK^, 
AKJj-1 ,  and  AK6,  which  contain  copper  and  nickel.  . 

j  The  relative  error  is  given  below  ilrpercentages  for  each, 
(method,  when  determining  the  coating  thickness  from  2pm  and  higher: 

intermit tent- jet  method  ...  +10 

jet- test  method  ...  +15 


.  -  drop  method  ...  +30 
l  ;  stripping- method  ...  +10. 

■  3.4.3.  Before  the  measurements,  the  samples  are  degreased  in 
accordance  with  Section  3*1 *4. 

:  Chromate  and  phosphate  films  from  the  zinc  and  cadmium  coatings 

are  removed  by  means  of  a  cott.n  pad  wetted  with  hydrochloric  acid 
at  a  density  of  1.19  g/cm  ,  diluted  at  1:8  ratio. 

A  drop  of  solution  containing  5  g /l  of  copper  sulfate  is  placed 
on  the  surface  of  a  coating  and  is  left  there  for  1  min  to  check 
if  the  chromate  and  phosphate  films  have  been  removed  completely. 

The  darkening  of  the  surface  indicates  the  absence  of  the  chromate 
and  phosphate  films. 

The  dissolution  of  the  chrome" layer  from  the  multilayer  coat-; 

-  -  "  i 

ings  is  accomplished  in  a  hydrochloric  acid  solution  with:a  density 

-  3 

tat  1.19  g/cm  with  the  addition  of  the  antimony  tri oxide  in  the 
‘amount  of  1—2  wt.  %. 

3.4.4.  To  prevent  the  test  solution  from  spreading,  the  surface 
*of  the  samples  is  isolated  with  afiy  material  that  is  chemically 
j stable.  In  the  case  of  the  jet  method,  the  isolation  material  is 
[applied  in  the  form  of  strips  parallel  with  the  direction  of 
;run  off  of  the  solution,  at  a  .ance  of  approximately  4  mm  from 
one  another;  in  case  of  the  dro*  method,  a  surface  approximately 
?6  mm  in  diameter  is  Isolated  for  the  measurements. 

1  „  Before  the.  measurements,  the  samples  and  the  test  solutions 

lare  kept  in  the  room  until  their  temperature  becomes  the  same  as 

I 

j the  environment. 

It  is  recommended  that  the  coating  thickness  be  determined 
Ibefore  any  additional  treatment  (chromium  plating,  phosphate  coat¬ 
ing,  etc.). 

3*5*  Intermittent-Jet  Method 

j  3.5.1.  The  apparatus  shown  in  Fig.  1  is  used  for  the  mea¬ 
surements  ,  which  consists  of  a  dropping  funnel  5  with  cock  6.  Jk 
capillary  tube  8,  from  which  solution  is  delivered  to  the  surface  [ 
of.  sample  9*  is  connected  to  the  lower  end  of  the  funnel  by  means 

of  a  rubber  tube  7.  The  capillary  tube  is  calibrated  in  sjich  a _ : 

way  as  to  deliver  10+0.1  ml -of  distilled  water  in  30  s  at  18— 20°C 


and  constant  pressure ,  when  cock  6  is  open  all  the  way.  ' 

Constant  pressure  is  established  by  means  of  a  glass  tube  ^ 
inserted  through  tube  3  into  the  neck  of  the  funnel  and  having  an 
opening  2  for  air  entering  the  funnel. 

The  lower  end  of  the  glass  tube  must  be  in  the  solution  at 
all  times  at  a  distance  of  250+5  mm  from  the  end  of  capillary  tube 
8.  Thermometer  1  is  inserted  into  tube 

The  solutions  used,  for  these  measurements  are  given  in  Table 
2  and  the  instruction  for  their  preparation  in  attachment  2. 

3*5.2.  The  device  is  prepared  for  use  as  follows.  Funnel  5 
is  filled  three  fourth  with  a  prepared  solution,  capillary  tube  8 
is  filled  by  opening  cock  6.  The  neck  of  the  funnel  is  plugged 
with  a  rubber  stopper  3.  Cock  6  is  opened  again  and  the  solution 
is  given  a  chance  to  flow  out  of  the  funnel  until  there  is  an  even 
^suction  of  air  bubbles  into  the  funnel  through  tube  which  in¬ 
dicates  that  constant  pressure  is  established. 

Prior  to  the  test,  the  flow  rate  of  the  solution  from  the 
capillary  tube  is  checked,  which  must  be  the  same  as  indicated  in 
.Section  3*5*1* 

The  apparatus  prepared  as  described  is  secured  by  means  of  a 
laboratory  stand  in  such  a  way  that  the  end  of  the  ancillary  tube 
is  at  a  distance  of  ,l— 5  mm  from  the  surface  to  be  tested  and  that 
the  angle  between  the  axis  of  the  capillary  and  the  surface  of 
the  sample,,  or,  in  the  case  of  a  curvilinear  surface  tangent  to 
this  surface,  is  at  ^5+5°. 

To  prevent  the  solution  from  spreading  and  splashing,  a  glass 
;rod,  on  which  the  solution  should  flow  into  a  receptacle,  is  placed 
■against  the  sample  as  close  as  possible  to  the  area  of  testing. 

3.5.3.  To  begin  the  measurement,  cock  6  is  opened  and  a  stop- 
■watch  is  started  simultaneously;  after  a  certain  period  of  time, 
the  cock  is  closed  and  the  stopwatch  is  stopped,  and  the  area  where 
the  stream  fell  is  examined  to  see  whether  the  color  of  the  sur- 
face  *!  is  changed.  If  there  is  no  change  in  the  color,  the  cock  is 
opened  again  and  the  stopwatch  is  started.  This  process  is  re¬ 
peated  until  the  color  changes  at  the  location  where  the  stream 
falls .  The  point  at  which  the  measurement  is  stopped  is  indicated 


s 


f 


in  Table  2. 

During  the  subsequent  measurements,  when  an  approximate  number 
of  seconds  is  known  during  which  a  given  coating  dissolves,  inter¬ 
vals  between  the  measurements  are  as  infrequent  as  possible.  The 
number  of  seconds  during  which  the  stream  flows  is  added. 

When  the  thickness  of  the  multilayer  coatings  ia  measured, 

.the  time  it  takes  for  each  layer  to  dissolve  is  recorded  separately 
and  the  thickness  is  calculated  as  shown  below. 

The  tempersture  of  the  solution  is  recorded. 

After  the  measurements  are  over,  the  apparatus  is  washed  and 
filled  with  distilled  water. 

3.5.4.  The  local  thickness  of  the  coating  (H^)  is  determined 
in  micrometers,  using  the  following  formula: 

H1  *  V** 

where 

Hfc  -  thickness  of  a  coating  removed  in  Is,  in  |im; 

t  -  time  it  takes  to  dissolve  the  coating,  in  s. 

The  quantity  is  given  in  Table  3  for  different  coatings. 

The  following  correction  factors  are  introduced  into  the  for¬ 
mula  used'  to  calculate  the  thickness:  1.35  for  copper  coatings  from 
cyanide  electrolytes;  0.7  for  cadmium  coatings  from  sulfuric  acid 
electrolytes;  1.09  for  the  chromium  lustrous  coatings  from  sulfuric 
acid  electrolytes;  1.2  for  the  chromium  lustrous  coatings  from 
self-adjusting  electrolytes;  1.04  for  the  chromium  dull  coatings 
from  self-adjusting  electrolytes;  and  1.3  for  the  chromium  dull 
coatings  from  tetrachromate  electrolytes. 

Wheh  calculating  the  thickness  of  nickel  coatings  from  electro¬ 
lytes  with  luster- forming  additives,  the  coefficients  given  in  Table 
4  are  introduced  into  the  formula. 

The  arithmetic  mean  of  three  values  obtained  from  the  measure¬ 
ments  ia-  used  as  the  measurement  result. 

3.6*  Intermittent- Jet  (Electrojet)  Method 

3. 6.1.  For  these  measurements  the  apparatus  (Fig.  2)  described 
.in 'Section  3-5.1  Is  used,  with  the  exception  of  the  fact  that  a 
fsfeWnd  glass  tube  10,  with  a  platinum  wire  11  soldered  In  Its 
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closed  end,  is  Inserted  Into  the  stopper  3,  which  plugs  funnel  5. 
The  lower  end  of  the  glass  tube  10  must  be  in  the  solution  at  all 
■times  at  250+5  mm  from  the  end  of  capillary  tube  8. 

l'ha  platinum  wire  and  the  sample  being  tested  are  connected 
to  an  electrical  circuit,  which  includes  current  source  13  (dry- 
element  battery  of  3  V,  a?  per  GOST  2583-70  or  GOST  3316-65),  gal¬ 
vanometer  16  (null  instrument),  carbon  fixed  resistor  14  of  type 
VS  of  10  ohm,  as  per  GOST  6562-67;  variable  carbon  resistor  15  of 
•type  SP  of  22  ohm,  as  per  GOST  5574-65,  and  switch  12. 

The  electrical  circuit  can  include  a  potentiometer  of  type 
,R306,  R307,  as  per  GOST  9245-68,  or  milllvoltmeter  LPU-01  or  LPM- 
60M-10. 

An  electrical  system  is  permissible  when  the  compensation 
method  is  used. 

The  apparatus  is  prepared  ifi  accordance  with  the  instuctions 
iin  Section  3-5*2. 

The  sample  to  be  tested  must  be  electrically  insulated  for  a 
metallic  stand. 

3.6.2.  When  the  measurements  are  made,  the  electrical  system 
is  turned  on  and  the  stopwatch  is  started  when  cock  6  is  opened. 
;The  stopwatch  is  stopped  and  the  cock  is  shut  off  at  the  moment 
the  needle  of  the  Instrument  deflects,  which  occurs  when  the  coat¬ 
ing  is  dissolved  and  the  base  metal  or  a  sublayer  appears. 

3.6.3.  The  measurement  results  are  processed  in  accordance 
with  Section  3.5.4. 

3*7.  The  Jet-test  Method 

3*7.1.  These  measurements  are  made  by  means  of  an  apparatus 
^consisting  of  a  50  ml  buret  (GOST  1770-64)  graduated  at  0.1  ml 
'with  glass  cock,  to  which  a  capillary  tube  is  connected  by  means 
of  a  rubber  tube.  The  capillary  tube  is  calibrated  in  such  way 
:as  to  deliver  10+0.1  ml  of  distilled  water  at  l8-20°C  in  30  s, 
when  the  cock  is  opened  completely. 

The  solutions  given  in  Table  2  are  used  for  the  measurements. 

3-7.2.  To  perform  the  measurement,  the  cock  is  opened  all  the 
way  to  let  out  a  stream  of  solution.  After  a  certain  period  of 
jtime,  the  cock  is  closed  and  a  check  is  made  to  see  whether  there 
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is  a  change  in  colon  of  the  surface  at  a  point  where  the  stream 
hits  it.  If  there  is  no  change  in  the  color)  the  process  is  re¬ 
peated  until  there  is  a  change  in  color. 

End  of  the  measurement  is  established  according  to  the  change 
in  color  on  the  surface  of  the  base  metal  or  a  sublayer  (see  Table 
&)» 

When  measuring  the  multilayer  coatings ,  the  amount  of  solution 
used  to  dissolve  each  layer  is  recorded  individually ,  then  these 
amounts  are  added ,  and  the  thickness  of  the  coating  is  calculated 
as  shown  below. 

‘  The  temperature  of  the  solution  is  recorded. 

3.7.3.  The  following  formula  is  used  to  determine  the  local 
.thickness  of  the  coating  (H*-)  in  micrometers t 

%  -  tyv, 

where 

Hv  -  thickness  of  the  coating  removed  with  j  ml  of  solution, 
in  pm  (see  Table  I) 5 

;  V  -  amount  of  solution  used  to  dissolve  the  coating  ,  in  ml. 

The  arithmetic  mean  of  three  measurement  values  is  accepted 
;as  the  measurement  result. 

The  following  correction  factors  are  introduced  into  the  for- 

s 

:mula  used  to  calculate  the  thickness :  0.7  for  the  cadmium  coatings 
‘from  sulfuric  acid  electrolytes  and  1.35  for  the  copper  coatings 
from  cyanide  electrolytes. 

I  3*8.  Brop  Method 

I  3.8.1,  A  drop  is  applied  from  a  dropper  with  the  internal 
: diameter  of  the  end  of  the  capillary  at  l,sM>»G  mm  onto  the  surface 
■of  a  coating, and  left  there  for  a  certain  period  of  time.  Then 
this  drop  is  blotted  dry  with  a  filter  paper,  after  which,  a  se¬ 
cond  drop  of  the  solution  is  placed  on  the  same  spot.  This  process 
is  repeated  until  the  base  metal  or  a  sublayer  appears,  or  a  spot 
!of  a  contact-isolated  me tal , 

■  The  solutions  used  for  the  measurements,  time  the  drop  remains 
| on  the  surface,  and  the  point  at  which  the  measurement  is  termina- 
ited  are  indicated  in  Table  6. 

*  ‘  3*8,2,  The  following  formula  is  used  to  calculate  the  local 
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thickness  of  the  coating  (H^)  in  micrometers: 


jVSf  Hi  «  Hk(n  -  0.5) » 

where 

}  '  i  Hi  ~  thickness  of  coating  removed  by  one  drop  of  solution  in 
^^t^#^s^gpre®llri^d®F5time^3Wj^Sfc^(iee  ’Tab  le  7 ) ; 

,  n  -  number  of  drops  used  to  dissolve  the  coating, 

f  -  ,  The,  arithmetic,  mean  of  threehmeasurement  values  is  accepted 
as  the  measurement  result . 

I  3 • 9 .  Stripping  Meth od 

=  3.9* 1*  These  measurements  are  made  in  two  ways: 

“  a)  the  part  is  weighed  and  immersed  into  an  appropriate  solu¬ 
tion;  after  the  coating  of  the  part  is  dissolved,  it  is  removed 
; fromtfche  solution,  washed,  dried,;  and  weighed. 

The  following  formula  is  used  to  determine  the  coating  thck- 


fhess  (H  --)  in  micrometers: 

|  '  *"  '  QV  ; 


i  fg.-j:  _  g2)fiooo 

I  -  Hav - ~s 

f  . 

;  where 

i  .g^  -  mass  of  the  part  before  the  coating  was  stripped,  g; 
gP  -  mass  of  the  part  after  the  coating  was  dissolved,  g; 

?  ^  -3 

I  y  -  density  of  metal  coating,  g/cnr; 

!  •  2 
j  S  -  surface  area  of  the  sample,  cm  ; 

b)  the  part  is  immersed  into;  an  appropriate  solution;  after 
the  coating  is  dissolved,  the  part  is  removed  from  the  solution 
and  washed  several  times  with  distilled  water.  The  solution  is 
I  combined  with  the  water  that  has  .been  used  for  washing  and  then 
transferred  to  a  flask  up  to  a  park  and  the  liquid  is  analyzed  for 
the  content  of  the  dissolved  metal. 

I  ’The  solutions  for  removing  the  coating  are  given  in  Table  8. 

\ — ‘The  following  formula  is  used  to  determine  the  average  coating 

’thickness  (Hav)  in  micrometers: 

i  ;-l  ? 

„  r*  loooo 
av  '  I  s  ’ 


s  where-7  P-  mass  of  metal  obtained  by  chemical  analysis,  in  g. 


1|.  METHODS  FOR  FOR  CHECKING  THE  POROSITY  OP  COATINGS 
j  ;  -4.1.  Paste  Method 

f  -  4.1.1.  The  method  is  based  on  chemical  interaction  of  the  base 
'metal  or  a  sublayer  with  the  reagent  in  the  areas  of  pores  and  other 
Jbraaks  in  the  coating  with  the  formation  of  colored  compounds. 

This  method  is  used  to  determine  the  porosity  of  the  cathode- 
,type  metallic  coatings  on  steel,  copper,  aluminum,  zinc,  and  their 
Jalloys  and  of  the  inorganic  nonme.tal  coatings  on  aluminum  and  its 
: alloys ,  on  articles  having  any  shape  and  dimensions. 

t 

4.1.2.  The  following  items  are  used: 

hair  brushes  as  ’per  GOST  10597-70  (various  pulverizers  can  be 
j-used)  j 

)  pastes.  The  composition  of  pastes  is  given  in  Table  9*  The 
method  of  preparation  is  given  in:  attachment  3. 

j  4.1.3*  The  articles  are  degreased  as  per  the  instructions  in 
Section  3.1.4. 

J  The  paste  is  applied  to  the  surface  of  a  coating  by  means  of 
the  brush,  pulverizer,  immersion,  or  some  other  method,  which  en- 

I 

isures  an  application  of  a  uniform  layer  of  the  paste  which  is  left 

s 

'.-on  for  10  min. 

p 

j  The  application  of  a  paste  is  at  0.5— 1.0  g/dm  . 

i 

After  the  check  is  made,  the  paste  is  removed  by  washing  the 
jarticle  by  running  distilled  water,  then  it  is  dried  and  the  process 
is  repeated  at  the  same  area  of  the  surface. 

4.1.4.  The  number  of  colored  sections  corresponding  to  the  num- 
fber  of  pores  are  counted  on  the  test  surface  of  the  coating, 
j  The  arithmetic  mean  of  the  values  of  three  measurements  is 
used  as  the  measurement  result.  The  ohtained  porosity  is  applied 
{to  a  unit  of  the  surface  area. 

I  4.2.  Method  of  Filter  Paper  Application 

L 4.2.1.  This  method  is  based  on  chemical  interaction  of  the _ 

base  metal  or  a  sublayer  with  the  reagent  in  the  areas  of  pores  . 

and.  other  discontinuities  in  the  .coating  with  the  formation  of _ 

.colored  compounds.  • 

..This  method  is  used  for  determining  the  porosity  of  the 
•  cathode-type  metallic  coatings  on  steel,  copper. and  its  alloys,  on 


articles  with  a  simple  form,  when  the  contour  of  the  article  per¬ 
mits  the  application  of  filter  paper. 

lj.2.2.  The  articles  are  degreased  in  accordance  with  Section 

3.1. 

Filter  paper,  which  has  been  saturated  witlv.an  appropriate 
solution  indicated  in  Table  10,  is  placed  over  the  prepared  sur¬ 
face  of  an  article.  The  paper  is  applied  in  such  a  way  as  not  to 
leave  any  air  bubbles  between  the  surface  of  the  article  and  paper. 
The  paper  with  an  imprint  of  pores  in  the  form  of  dots  or  spots  is 
removed  and  washed  with  a  stream  of  distilled  water  and  dried  ton 
clean  glass. 

The  solutions  used  for  the  determination  and  the  test  regimes 
are  given  in  Table  10. 

To  detect  the  pores  which  extend  to  copper  or  brass,  after 
washing,  the  filter  paper  with  an  imprint  of  pores  is  placed  on  a 
clean  glass  and  a  solution  of  potassium  eyanide  (JJO  g /l)  is  applied 
evenly  over  it.  This  treatment  results  in  the  disappearance  of 
yellow  spots  (traces  of  nickel);  after  this,  the  paper  is  washed 
with  a  stream  of  water  and  dried  on  the  glass.  The  dark-red  and 
blue  spots  (traces  of  pores  extending  to  copper  and  steel)  remain¬ 
ing  on  the  paper  are  counted. 

In  order  to  detect  pores  which  extend  down  to  nickel,  the 
filter  paper  with  an  imprint  of  pores  is  placed  over  clean  glass 
arid  an  ammonia  solution  of  dimethylglyoxime  (dimethylglyoxime  - 
2  g /l  and  25%  ammmonia  -  500  ml /l)  is  applied  evenly  over  it. 

After  the  bright-pink  dots  or  spots,  characteristic  for  nickel,  are 
formed  in  the  areas  of  pores,  the  filter  paper  is  washed  with  a 
stream  of  water  and  dried  on  the  glass. 

During  this  process  the  traces  of  pores  extending  to  steel 
and  copper  fade  and  do  not  interfere  with  the  counting  of  the  pores 
extending  to  nickel. 

The  determination  of  the  porosity  of  the  coatings  with  an  up- 
:per  chromium  layer  is  performed  not  earlier  than  30  min  after  the 
chromising  process.  In  the  case  of  very  porous  chromium  coatings 
,on  the  copper-plated  steel,  copper, and  its  alloys,  the  traces  of 
;pores  extending  to  copper  and  brass  are  not  shown  clearly  on  the 


paper  and  the  dark-red  spots  have  to  be  counted  on  the  article  it- 
self . 

These  traces  of  pores  should  be  visible  with  a  naked  eye. 
4.2.3.  The  number  of  pores  is  determined  as  follows. 

The  filter  paper  with  the  imprint  of  pores  is  placed  on  a 
■glass,  which  is  divided  into  square  centimeters.  The  number  of 
pores  is  counted  in  each  square.  The  numbers  obtained  from  each 
'square  are  added.  The  area  of  the  paper  in  contact  with  the  part 
is  measured  and  the  number  of  pores  per  unit  of  surface  area  is 
determined. 

‘5.  METHOD  FOR  TESTING'  THE  ADHESION  STRENGTH  OF  COATINGS 

5.1.  These  methods  are  based  on  the  difference  between  the 
physicomechanical  properties  of  the  coating  metals  and  the  base 
metal  of  a  component. 

5*2.  The  test  methods  are  selected  depending  on  the  metal  of 
;the  coating,  type,  and  purpose  for  which  the  part  was  designed. 

;  5.3.  Various  types  of  equipment  and  devices  can  be  used  for 

jthese  tests  (polishing  and  scratch-brushing  machines,  muffle  fur- 
inaces,  vice,  etc.). 

i  5.4.  Polishing  Method 

5.4.1.  The  surface  of  a  coating  is  polished  for  at  least  15  s 
Discs  made  out  of  coarse  calico,  felt,  and  other  materials 

are  used  for  polishing;  the  pastes  -  crocus,  chromium,  and  others. 

*  Polishing  rate  -  20-30  m/s. 

There  should  not  be  any  swelling  or  separation  of  the  coating 
after  polishing. 

5.5.  Scratch-brushing  Method- 

5.5.1.  The  coating  surface  is  subjected  to  scratch  brushing 
for  at  least  15  s. 

’ _ „The  scratch-brushing  method  employs  steel  and  brass  brushes 

(for  soft  coatings)  with  the  diameter  of  the  wire  at  0.1-0. 3  mm 
and  the  speed  of  rotation  at  15005-2800  rpm. 

*r. _ After  this  treatment,  the  surface  that  was  tested  must  not 

show  any  swelling  or  separation  or  the  coating. 

•  5.6.  Heating  Methdd- 


5* 6*1*  The  coated  articles  are  heated  for  0 . 5-1  * 0  h  and  then 
cooled  in  air.  -■ 

The  heating  temperature  for  the  articles  with  all  types  of 
coatings,  with  the  exception  of  zinc ,  cadmium,  tin,  lead,  and  tin- 
lead  alloys,  is  given  in  Table  IT. 


Base  metal 


Table  11 

Heating  temperature,  °C 


Aluminum  and  its  alloys 

l-_"  - 

Magnesium  and  its  alloys 
Copper  and  its  alloys 
Steel  and  cast  iron 
Titanium  and  its  alloys 
Zinc  and  its  alloys 


190+5 

125+5 

250+5 

350+5 

210+5 

140+5 


Note:  It  is  permitted  to  reduce  the  heating  temperature  for  the 
articles  which  have  seams  soldered  with  solders  whose  melting  point 
is  lower  than  the  heating  temperature  shown  in  Table  11. 


For  the  zinc  and  cadmium  coatings ,  the  heating  temperature 

i 

must  be  between  180  and  2C0°C;  for  the  tin,  lead,  and  tin-lead  al- 
loy  coatings  -  140~160°C. 

The  article  that  was  tested  should  not  show  any  swelling  or 
separation  of  the  coating  after  heating. 

5.7.  Winding  Method 

5.7.1.  This  method  is  used  to  determine  the  adhesive  strength, 
of  coatings  on  wire .  : 

.  Wire  with  a  diameter  up  to  1  mm  is  wound  onto  a  rod  wi th  a  . 
specified  diameter;  wire  with. -a  diameter  greater  than  1  mm  is  _ 
wound  around  the  wire  of  the  same  diameter  in  such  a  way  as  to 
form  10-15  closely  wound  turns.  .  ...  ■ 

The  springs  whose  diameter  of  the  wire  is  up  to  1  mm  are  Aesr? 
ted  by  straightening;  with  the  diameter  over  1  mm  -  by  stretching 
the  springs  to  their  double- length. 


After  testing,  there  should  not  be  any  separation  of  the  coat¬ 
ing  on  the  surface  of  the  coating. 

5.8.  A  Method  Utilizing  a  Network  of  Scratches 

5.8.1.  Using  a  sharp  steel  point,  4-6  parallel  lines  cut  right 
through  to. the,  base  metal  are  made  on  the  test  surface  of  the  coat¬ 
ing  at  2.0— 2.5  mm  from  one  another  and  4-6  parallel  lines  per¬ 
pendicular  to  the  other.  The  lines  should  be  made  in  the  same 
direction. 

The  surface  being  tested  must  not  show  any  separation  of  the 
coating. 

5.9.  Bending  Method 

5.9.1.  The  coated  articles  are  subjected  to  bending  at  a  90° 
;angle  in  both  directions  up  to  a  fracture.- 

t  There  must  not  he  any  separation  of  the  coating  at  the  point 
of  fracture. 

6.  METHODS  FOR  CHECKING  THE  PROTECTIVE  ABILITY  OF  NONMETALLIC  AND 
NONORGANIC  COATINGS 

6.1.  The  drop  and  immersion  methods  are  based  on  the  distruc-' 
tion  of  a  coating  under  the  effect  of  the  test  solutions.  The 
evidence  indicating  that  the  coating  is  destroyed  is  a  contact  pre^ 
fcipitation  of  copper  on  the  base  metal  or  a  change  in  color  of  the 
^solution  drop,  caused  by  the  interaction  between  the  base  metal 
and  solution,  or  the  formation  of  the  products  of  corrosion. 

The  oxide  and  phosphate  coatings  are  tested  before  saturation. 

The  anodized  oxide  coatings  on  aluminum  with  fillers  are  tested 
r.ji  later  than  3  h  after  filling. 

6.2.  The  following  items  are  used  for  this  test? 

dropper  as  per  GOST  9876-61 ; 

stopwatch  as  per  GOST  5072-67; 

solutions  used  for  testing  the  protective  ability  of  coatings 
are  given  in  Table  12. 

L-  6.3*  The  articles  are  degreased  as  indicated  in  Section  3.1*4% 

| — ~~*6.4.  Drop  Method 

6.4.1.  To  test  the  protective  ability  of  the  anodized  and 
oxide  coatings  on  aluminum,  and  Its  alloys,  1—2  drops  of  solution 
i30  are  applied  to  the  surface  of  the  coating.  The  determination 


mm 


^period  is  time d  wi th...  a  s t opwat ch . : 

:  '  The  time  norms  for  the  drop  test  are  indicated  in  Table  13* 

‘  ‘  During  the  period  indicated  there  should  not  be  any  change  in: 

f color  of  the  drop  (from  orange  to  green). 

j"  To  test  the  protective  ability  of  the  phosphate  coatings,  one 
drop  of  solution  #31  is  applied  to  the  coating  from  a  dropper  and 
a  change  in  color  is  observed  from  blue  to  yellow,  light  green,  or 
red.  The  moment  at  which  the  color  changes  is  established  by  means 
tof  a  stopwatch. 

The  resistance  norms  of  the  phosphate  coatings  are  given  in 


'Table  1{I. 

?- 


,Time  before  the  color  of  the  drop; 
♦changes*  in  min 

f.-:  ■ 

■|  Over  5 
,  5 


Under  1 


TABLE  Ik 

Coating  resistance 
norm 

Highest 

Normal 

Average 

Lowest 


6.5.  Immersion  Method 

6.5*1*  To  test  the  protective  ability  of  the  oxide  coatings  on 
steel,  the  samples  are  immersed  into  solution  #29  at  15-25°C  for 
§30  s.  After  this,  the  samples  are  removed  from  the  solution,  washed 
in  distilled  water,  and  dried  with  a  filter  paper. 

The  test  surface  should  not  show  any  spots  ?• ‘contact  precipita¬ 
tion  of  copper. 

It  is  permissible  to  test  with  a  drop  method  using  the  same 
•solution. 

The^properties  of  the  phosphate  coatings  on  steel,  intended 
;to  contain  oils  and  lubricants,  are  checked  by  immersing  the  part  ! 

into  solution  #32  at  20+5°C  for  15  min.  '  -  • 

f~w*"""At  the  end  of  15  min,  the  pairt  is  removed  from  the  solution,  1 
.washed,  and  dried.  »  i 

! . The  protective  properties  of  the  phosphate  coatings  on  steel, 

^nten^edforthepaint-and- varnish  or  plastic  coatings ,  are  tested1 


by  immersing  the  article  into  solution  #33  at  20+5° C  for  5  min. 

At  the  end  of  this  period,  the  article  is  removed  from  the  solution, 
washed,  and  dried. 

•  At  the  end  of  one  hour,  the  articles  are  examined  with  a  naked 

eye . 

I  One  should  not  observe  any  corrosion  of  the  base  metal  on  the 
surface. 

■  i 

17.  METHODS  FOR  CHECKING  THE  SPECIAL  PROPERTIES  OF  COATINGS 


7.1.  The  methods  for  checking  the  special  properties  of  coat- 
lings  are  given  in  attachment  il. 


18.  REAGENTS  AND  MATERIALS 

1  ' 

8.J..  Reagents  and  materials  used  for  testing  the  coatings  are 
given  in  attachment  5. 


Recommended  Attachment  1  to  GOST  16875—71 

! 

I INSTRUCTIONS  FOR  PREPARING  A  THIN  SECTION 

I 


I  The  sample  for  a  section  is  cut  from  an  article  in  such  a 
|way  as  to  have  the  plane  of  the  coating  strictly  perpendicular  to 

I 

fthe  plane  of  the  section. 

k  ' 

l  In  order  to  preclude  the  distruction  of  a  coating  while  ob- 
paining  a  section,  a  (Special  protective  metal  layer  20r*30  pm  thick 
is  formed,  which  has  a  good  strength1  of  adhesion  with  the  coating 
[to  be  tested  and  which  is  relatively  hard. 

It  is  permissible  to  pour  the  section  by  means  of  fusible  al^ 
loys  (Rose’s  alloy.  Wood’s  alloy,  etc.)  or  such  materials  as  shel¬ 
lac,  organic  glass,  sulfur,  and  other. 

f;  The  materials  for  the  pouring  of  a  sample  with  a  coating  must 


have: 


I  p v  a)  sufficient  mechanical  strength. 

•„  During  subsequent  grinding  and  polishing  of  the  sample,  the 
destruction  of  the  filling  material  is  not  permitted  and  it  should 
Bidt-be  rubbed  any  harder  than  the  coating  material; 

.  .  .  b)  limited  melting  point. 

The  smearing  of  the  filling  material  is  not  permitted  during 
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polishing.,  which  is  accompanied  by  heating. 

.  During  pouring,  the  sample  is  placed  vertically  into  a  metal 
'ring.  The  metal  ring  is  placed  on  plane  mirror  glass  and  the  sam¬ 
ple  is  secured  by  means  of  some  clamp  such  that  it  coincides 

with  its  mirror  image. 

When  flat  samples  are  used,  the  pouring  can  be  omitted. 

In  this  case  the  sample  is  secured  by  means  of  metallic  jaws. 

Intermediate  pieces  made  out  of  soft  metal  (aluminum  or  cop¬ 
per)  are  placed  on  each  side  of  the  sample  to  protect  It  against 
compression. 

When  the  sections  are  prepared,  it  is  recommended  that  the 
grinding  and  polishing  be  performed  at  a  45°  angle  to  the  coating. 

To  prevent  the  smearing  of  metals,  it  is  recommended  that  the 
j grinding  and  polishing  be  done  at  a  ^5°  angle  to  the  coating  during 
the  preparation  of  samples. 

The  process  begins  with  the  sample  being  worked  with  a  rough 
file,  with  a  subsequent  change  to  a  barette  file.  After  this,  it 
:Is  worked  with  a  sandpaper,  changing  from  coarse  to  fine. 

When  going  from  one  type  of  sandpaper  to  the  next,  care  is 
;  taken  to  remove  the  polishing  dust,  since  the  dust  from  the  precedr 
ing  phase  causes  scratches  on  the  section  during  subsequent  treat¬ 
ment.  In  going  from  one  phase  to  the  next,  the  direction  of  motion 
should  be  varied. 

The  final  phase  -  polishing  -  is  performed  using  a  felt  or  a 
wool  disc  with  the  aid  of  the  chromium,  aluminum,  or  magnesium 
oxide  paste,  depending  on  the  material  being  studied. 

tRecommended  Attachment  to  GOST  16875—71 

'PREPARATION  OF  SOLUTIONS 

; - -Solutions  #  1,  2,  5,  7,  8,  10,  13,  15,  16,  17,  18,  19,  21-5-  22, 

2^5  25,  26,  27,  28,  29,  30,  32,  and  33  are  prepared  by  dissolution-, 
in-distilled  water. 

^■“"“Solutions  3  and  9 

j“ — ~~ 300  g  of  ferric  chloride  are  dissolved  in  200-300  ml  of  dis¬ 
tilled  water  and  100  g  of  copper  sulphate  are  dissolved  in  the 


isame  amount  of  distilled  water  at  50-606C.  After  cooling,  both 
solutions  are  transferred  into  a  1  Z  measuring  flask  and  the  volume 
of  the  solution  is  brought  up  to  the  mark,  then  the  sol?  M  is 
filtered. 

Solution  ^ 

A  batch  of  60  g  of  ferric  chloride  is  dissolved  in  20n  *"1  t\C 
distilled  water  and  30  g  of  copper  sulphate  are  dissolved  * ».  t..e 
same  amount  of  water  separately  at  50-60°C.  After  cooling,  both 
solutions  are  transferred  into  all  measuring  flask j  to  this  flask 
are  added  220  ml  of  hydrochloric  acid  and  100  ml  of  sulfuric  acid 
with  the  specific  gravity  of  1.19  and  1.8^,  respectively.  After 
the  solution  is  cooled,  it  is  brought  up  to  the  mark  with  the  dis¬ 
tilled  water. 

Solution  6 

>  150  g  of  ferric  chlroiSide  are  dissolved  in  500  ml  of  distilled 
water  and  31  g  of  antimony  trichloride  are  dissolved  separately  in 
150  ml  o f  hy drochlorict acid .  Both  solutions  are  transferred  to  a 
•i^^^uring  flask,  250  ml  of  acetic  acid  are  added,  and  the  total 
volume  is  brought  to  the  mark. 

Solution  11 

50  ml  of  ferric  chloride  are  dissolved  in  159  g  of  IN  hydro¬ 
chloric  solution  and  20  g  of  copper  sulphate  are  dissolved  in  300 
ml  of  distilled  water  separately.  Both  solutions  are  transferred 
; to  a  1  l  measuring  flask  and  the  volume  is  brought  up  to  the  mark. 

Solutions  12  and  20 

.  50  ml  of  distilled  water  are  added  to  62  g  of  boric  acid  to 

obtain  a  homogeneous  thick  mass.  Then,  hydrofluoric  acid  is  ad- 
*ded  with  constant  mixing  until  the  boric  acid  is  completely  dis¬ 
solved.  It  takes  175  ml  of  hydrofluoric  acid  with  a  specific 
-gravity  at  1.13  for  62  g  of  boric  acid.  This  solution  Is  prepared 
in  a  vessel  made  out  of  organic  material. 

An  aqueous  solution  of  fluoboric  acid  (1:10)  and  hydrogen 
:;peroxide  (30$)  are  used  for  the  chemical  stripping  of  a  coating 
and  for  the  drop  method  at  2.5  ml  to  100  ml  of  diluted  acid.  Hydro- 
gen  peroxide  is  added  just  before:  use. 

Solution  1^ 


2000  g  of  ammonium  nitrate  are  dissolved  In  1  l  of  distilled 
Water  with  mixing  and  heating  up  to  40° C.  Then  the  solution  is 
filtered. 

-  ?  .  Solution  23 

135  g,  of  sodium  hydroxide  are  dissolved  in  500  ml  of  distilled 
water  and  80  g  of  lead  acetate  are  dissolved  in  500  ml  of  distilled 
water  separately-.  Then  the  solution  of  lead  acetate  is  added  in 
small  amounts  to  sodium  hydroxide  with  mixing,  first  at  room  tem¬ 
perature  and  then  with  heating  until  complete  dissolution. 

Solution  31 

82  g  of  copper  sulphate  and  33  g  of  sodium  chloride  are  dis¬ 
solved  separately  in  small  volumes  of  distilled  water.  Both  solu¬ 
tions  are  transferred  to  a  1  l  measuring  flask,  to  this  are  added 
13  ml  of  0.1N  solution  of  hydrochloric  acid,  and  the  volume  is 
^brought  up  to  the  1  l  mark. 

t 

.  j 
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^INSTRUCTIONS  FOR  PASTE  PREPARATION 

£ 

j  1.  Paste  for  determining  the^  porosity  of  coatings  on  parts 
jmade  of  steel. 

A  weighted  sample  of  a-a-dipyridyl  or  0-phenanthroline  in  the 
’amount  of  1-2  g  are  dissolved  in  100  ml  ef  0.1-0.2N  hydrochloric 
facid  solution. 

Then  titanium  dioxide  is  added  to  this  solution,  calculated 
jat  10—15  g  for  10  ml  of  solution.  This  mixture  is  mixed  thoroughly 
luntil  a  homogeneous  mass  is  formed.  This  paste  should  be  used 
[within  10  to  14  days. 

When  this  paste  is  used  for  longer  period  of  time,  it  may  get 
Jcpntaminated  with  iron  compounds. 

■  ? •  Paste  for  determining  the:  porosity  of  coatings  on  copper 

[and  its  alloys . 

j  Composition  § 1  . 

I _ A  20%  solution  of  diphenylcarbazide  is  prepared  in  glacial 

: ace tip  acid  (solution  1)  with  heating  on  a  water  bath.  Then 
^titanium  dioxide  is  added  to  this  warm  solution  (until  the  pre- 
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'dpi tat Ion  of  dlphenylcarbazlde) calculated  at  15-30  g  for  10  ml 
lof  solution.  Then  a  solution  of  ammonium  persulfate  In  ammonia. 


obtained  by  dissolving  10  g  of  ammonium  pers.lfate  In  100  ml  of 
a  1001  solution  Of  ammonia,  (solution  2),  and  glycerine  is  added  to 
this  mixture.  The  mixture  id  mixed  thoroughly  with  the  addition 
lof  each  component.  The  ratio  of  the  volumes  of  solutions  1  and  2  : 
Is  equal  to  (1—3): (3—1)  and  the  glycerine  volum  must  equal  to  l/4t 
of  the  sum  of  the  volumes  of  solutions  1  and  2.  I 

An  optimum  ratio  for  the  volumes  of  solutions  1  and  2  and 
glycerine  Is  1:1: 0.5* 

l  The  paste  Is  good  for  .2  to  3  days. -  f 

|  Composition  #2  j 

A  preparation  is  made  of  a  2%  aqueous  solution  of  cadi  on  II  j. 
(solution  1)  and  solution  of  ammonium  persulfate  in  ammonia,  con-  § 
ifalnihg  5-15  g  of  ammonium  persulfate  and>5r^0  ml  ofammcnia  (spe-I 
cific  gravity  of  0.91)  for  100  ml*  of  solution  (solution  2). 

Solutions  1  and  2  are  mixed  In  a  1:1  ratio.  Titanium  dioxide! 

1  i 

fXs  added  to  this  solution,  calculated  at  12—15  g  for  10  ml  of  soluf- 
4""  ■ -  '  -  * 

tion.  The  mixture  Is  mixed  thoroughly  until  a  homogeneous  mass  i 

is  obtained. 

|  This  paste  Is  good  for  3—4  days.  ; 

3.  Paste  for  determining  the  porosity  of  coatings  on  Darts 
jmade  out  of  aluminum  and  its  allots.  '  ! 

A  2 %  aqueous  solution  of  aluminOn  Is  prepared.  To  this  solu- 
tion,  titanium  dioxide  is  added  In  the  amount  of  15-20  g.  for  10  ml 

1  i 

of  solution  and  20—25?  solution  ;of  hydrogen  peroxide  with  the  } 
density  of  1.14-1.15.  The  ratio  of  the  volumes  of  the  aluminum 
fand  hydrogen  peroxide  solutions  is  1:0.5.  The  mixture  is  mixed 
thoroughly  until  a  homogeneous  mass  Is  obtained.  j 

She  paste  Is  good  for  3—4  h.  • 

I  4.  Paste  for  determining  the;  porcsity  of  coatings  on  articles  i 
Jmade  out  of  zinc  and  its  alloys.  ;  i 

A  solution  of  diphenylthiocarbazide  is  prepared  in  ethyl  or  ; 
jpropyl  alcohol,  containing  0.5  g  of  diphenylthiocarbazide  in  100  ml 
of  alcohol  (solution  1)  and  0.5N  solution  of  sodium  hydroxide 
(solution  2),  :  | 


.  To  the  obtained  solution  1,.  titanium  dioxide  is  added  in  the 
amount  of  20-30  g  for  10  ml  of  solution.  Solution  2  is  added  to 
this  mixture.  The  ratio  of  the  volumes  of  solutions  1  and  2  is 
tequil  i*o  1:2.  This  mixture  is  mixed  thoroughly  until  a  homogeneous 
•mass  is  obtained, 

This  paste  is  good  for  3-**  days. 
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•METHODS  FOR  TESTING  THE  SPECIAL  PROPERTIES  OF  COATINGS 

*  t 

1.  Method  for  Checking  Microhardness 

.  \ 

|  '  The  microhardnes3  of  coatings  is  tested  in  accordance  with 

GOST  9^50-60. 

jV'.i-  <  2.  Method  for  Testing  the  Specific  Electrical  Resistance  of 
Coatings . 

2.1.  This  method  is  based  on  the  measurement  of  the  specific 
-{electrical  resistance  of  a  coating  by  means  of  an  eleetric-measur-’ 

jing  bridge. 

This  method, i3  used  to  determine  the  specific  electrical  re- 
jsistance  of  any  metal  coatings. 

2.2.  Single-double  electrical  measuring  bride ge  of  the  type 
MOD- 5^  is  used  for  measurements  in  the  range  from  10’ lO'*  ohm, 
{with  an  accuracy  class  of  0.05  as  per  GOST  7165-66.  . 

.  Other  types  of  instruments  may  be  used,  if  they  have  the  same 

%J range' and  accuracy . 

5  2 . 3* 'The.’coating  to  be  .checked  is  deposited  ftnto  a  wire  0.1  mm 

thick- and  0,2-0. 5  m  long,  consisting  of  a  material  with  high  elec- 
trlcal  resistance  (constantan) .  To  improve  the  adhesion  between 
the  ooating  and  the  base  metal,  It  is  permissible  to  apply  a  sub- 
•.  layer  of  copper,  nickel,  and  other. 

...  The  wire’s  length  and  diameter  are  measured  before  and  after 
I  the  .application  of  coating  by  means  of  an  optical  caliper  of  type 
,IKG  as  per  GOST  5^05-6*1 .  ~ 

The  wire  is  degreased  as  indicated  in  Section  3*  1**1  of  this 
standard,  •  ; 

'  The  wire  wJ th  the  coating  to  be  tested  is  connected, to  the 
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corresponding  terminals  of  the  bridge  for  measuring  resistance. 

•The  resistance  of  the  base  metal  wi^h  and  without  the  coating.  The 
determination  is  performed  in  accordance  with  the  instructions  with 
the  instrument. 

It  is  permissible  to  make  measurements  using  a  sample  represen¬ 
ting  a  metal  coating  separated  from  the  base  metal. 

p 

2.4.  The  specific  resistance  p  is  determined  in  ohm. mm  /m, 
using  the  formula:  R  <s 


where 

2 

S  -  cross  section  of  the  coating,  mm  } 
l  -  length  of  the  wire  segment  being  measured,  mj 
R.  -  resistance  of  the  coating,  ohm. 
j  h 

The  coating  resistance  is  deterged  by  the  following  for- 
rmula  in  ohms : 

n  w  ^total*  Rbase  , 
h  (%ase  '**  Rtot\l^ 

where 

Rtotal  “  total  resistance  of  the  base  metal  with  coating,  ohmj 

i 

l‘  Rbase  “  resiatance  of  the  base  metal  (taking  Into  account  the 
sublayer) ,  ohm. 

The  cross  section  of  the  coating  S  is  determined  by  the  fol- 
2 

;  lowing  formula  in  mm  : 

!  s  -  5-(iD?-D§), 


where 

‘  -  diameter  of  the  wire  with  coating,  mmj 

i  Dg  -  diameter  of  the  wire  without  coating,  mm. 

The  arithmetic  mean  of  three  measurement  values  is  used  as  the 
^measurement  result. 

*,  .  3.  Method  for  Checking  the  Contact  Electrical  Resistance  of 

jthe  Coating. 

!  3.1.  This  method  is  based  on  the  determination  of  the  contact 

.'resistance  of  a  point  contact  of  ,two  conductors  made  from  copper 

*s*  r  '  '  —  - 

|and  Its, alloys,  coated  with  the  metal  being  tested. 


This  method  is  used  t 


jo  me p sure  the  contact  electrical  reals* 


tance  of  metal  coatings. 

The  drawing  shows  the  diagram  of  the  device. 


i 

i 

r 

j 

|  3.5*  To  determine  the  contact  resistance,  the  coating  to  be 

/tested  is  applied  onto  a  wire  made  of  copper  or  its  alloj's  which  is 
1  mm  in  diameter. 

:  The  sample  is  degreased  before  testing, 

|  3*3*  The  sample  is  connected  to  the  device  consisting  of  the 

’direct** current  source  $,  ammeter,  reference  coil  as  per  GOST  6864-69* 
land  rheostat  by  means  of  the  connectors  Hal,  Hji2,  Ha3,  and  Ma4. 

•  The  load  to  the  upper  oi?  lower  wire  is  varied  by  means  of  a 

i 

[special  device.  Drop  in  voltage  is  determined  at  the  point  of  con-* 

5-  * 

[tact  and  at  the  terminals  of  the  reference  coil  by  means  of  the 
jpotentiometers  of  types  R306,  R30.7  as  per  GOST  9245-68.  The  load 

fat  the  contact  and  the  current  strength  are  established  depending 

| 

<on  the  requirements  for  contact,  The  recommended  loads  for  the 

If 

f determination  of  the  contact  electrical  resistance  are  10,  20,  50, 

t  , 

land  100  g  at  50  mA*  The  determination  is  made  at  18-25°C  and  re¬ 
lative  humidity  of  the  air  at  47-755.  The  measurements  are  taken 
jin  accordance  with  the  instructions  accompanying  the  instrument, 

!  3*4,  The  contact  electrical  resistance  R  is  determined  by 


•the  following  formula  in  ohms : 


where 

AE  -  drop  in  voltage  at  the  contact,  mV; 

I  -  current  strength  in  the  circuit,  mA. 

The  current  strength  I  in  the  circuit  is  determined  by  the 
‘following  formula  in  mi  Hi  amperes.: 

AE, 

I  -  . 


where 

AE1  -  drop  in  voltage  at  the,  coil’s  terminals,  mV; 

\  R  -  resistance  of  the  reference  coil,  ohm. 

I  * 

I?  The  recommended^ values  for  R _  are  0. 1-1.0  ohm. 

»  re 

i 

The  arithmetic  mean  of  three  measurement  values  is  accepted 
*as  the  measurement  result. 

\  4.  Method  for  determining  the  electrical  breakdown  voltage, 

i  4.1.  This  method  is  based  on  an  electrical  breakdown  in  a 

dielectric  layer  under  the  effect  of  applied  electrical  voltage. 

This  method  is  used  for  measuring  the  breakdown  voltage  in 
?nonmetal  electrical  insulating  ooatings  (anodized  oxide  coatings 
on  aluminum  and  its  alloys ) , 

4.2.  A  device  of  type  UPU-1  as  per  MRTU- TU  AE2-771-001  is 
recommended  for  the  determination  of  the  breakdown  voltage. 

Devices  of  various  designs  are  permitted. 

\  It  is  recommended  that  the  measuring  electrodes  be  made  from 
ja  solid  alloy  with  the  roughness  of  the  working  surfaces  not  lower 
ithan  V  7  as  per  GOST  2789-59  and  the  curvature  radius  of  1.5  mm. 

;  4.3.  The  samples  are  degreased  before  testing, 

j  '  4.4.  The  voltage  id  determined  in  two  ways: 

i 

'  a)  electrical  insulation  coating  is  removed  from  a  small  area. 

fon~the  sample  and  one  of  the  electrodes  is  placed  at  the  cleared 

|  _ _ ___  - 

fspot,  while  the  second  electrode  -  to  the  ooating  being  tested. 
fThe  voltage,  at  which  a  breakdown  occurs,  is  equal  to  the  voltage 


recorded  by  the  instrument ; 

•  b)  the  determination  is  made  without  damaging  the  electric 
insulation  coating.  The  electrodes  are  arranged  at  a  distance  of 
2-3  cm  from  one  another.  The  breakdown  occurs  at  two  points  of  the 
! electrical  insulation  coating.  The  magnitude  of  the  breakdown  vol¬ 
tage  is  equal  to  half  of  that  recorded  by  the  Instrument. 

The  pressure  of  the  measuring  electrode,  where  it  comes  in 
contact  with  the  surface  of  the  coating  being  tested,  must  not  ex¬ 
ceed  50-75  g  at  the  moment  of  determination.  The  electrodes  should 
'be  secured  in  a  grounded  head  (holder). 

>  The  measurements  are  made  at  a  voltage,  which  increases  con- 
tlnually  from  0  to  the  specified  measurement  limits.  The  voltage 
i increase  rate  should  not  exceed  25  V/s . 

■  .  The  measurement  is  made  at  15-35° C  and  at  a  relative  humidity 
, of  the  air  at  *15-75*  no  sooner  than  1  h  after  anodization. 

;  The  arithmetic  mean  of  five  measurement  values  is  accepted  as 
the  measurement  result. 

?  5.  Method  for  Determining  Oil  Absorption 

i  5.1.  This  methos  is  based  on  the  determination  of  the  amount 

of  oil  adsorbed  by  a  coating. 

f 

{  This  method  is  used  for  determining  the  oil  absorption  of  the 

.  2 
< phosphate  coatings  on  parts  whose  surface  is  at  least  30  cm  . 

5  . 

: t  5.3.  This  method  employs  oil  whose  viscosity  is  at  25-35°  cSt 
i at  25 °C. 


5*3.  A  coated  sample  is  weighed,  immersed  into  oil  at  130°C, 
;and  is  left  there  until  the  oil  cools  to  20+5°C;  after  this,  the 
j sample  is  removed  from  the  oil,  the  excess  is  removed  with  a  fil- 
1  ter  paper,  and  it  is  weighed  again. 

\  During  weighing,  the  temperature  must  be  constant. 

;  The  weighing  is  performed  with  an  accuracy  to  0.0001  g. 

j  The  amount  of  oil  adsorbed  by  the  coating  is  determined  by  the 

\ difference  in  the  mass  of  the  sample  before  and  after  the  oil 
*  treatment. 


I  5-.**.  Oil  absorption  M  is  determined  by  the  following  formula 

r  """  v  .  ?  •  • 

;in  ml/cm  : 


M  «• 


_  ) 


b  —  a 


mass  of  the  sample  before  the  immers 
mass  of  the  sample  after  the  immersl 

;  2 

sample's  surface  area,  cm  . 


Corrective  Attachment  5  to  COST  I687i3— 71 


REAGENTS  AND  MATERIALS  USED  FOR  TESTIMG  COATINGS 
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KucJioia  aaoTimn  ^  .  . 

Kiic.noTa  Oopitnn  ’  *•** 

KiicaoTa  <j)TopHcrouoAopoAnt,.a  (tc.n- 
auiMecKan) 

KiicaoTa  coanunn - ■- 

Knc.ioTa  ccpiiaa 
KwcaoTa  {fjocijjopiiaa 

KJicaoTa  uimnaa  .  _ _ 

KncnoTa  yncyciiaa  (jieARiiaa) 

Kucaota  cyAMjjaMiuionan 

tKitCAOTt  niiKpmioDan 


CioHuOj(COOXH4)j 

NH4N03 

(NH4),S04 

(NH4)?SjO» 

nh4ci 

nh4oh 

CrO, 

CHjCOCMa 

HjO; 

•  CsH5(OH)3 

c„h14sn4 

C.oH.N. 

C,*H14ON4 
FeClj .  6HjO 
J 

CuHtjOjNoSgNaj 

»  1  . 


KNOj 

KaCrjO? 

K4[Fe(CN),].3H90 

KalFc(CN),] 

'  .  . KJ 

'  HNOj 
HjBOj 

HF 

- HC! 

HjS04 

HjP04 

---  c4h4o, 

CHjCOOH 
'•  HaNSOH 

[HO«C«H|(NOi)]a 


I  TOCT  0830—61 
TOCT  3761 — 65 
TOCT  3769-00 

TOCT  376G-64 
TOCT  3773—60 
TOCT  3760-64 
TOCT  2548-69 
TOCT  2603-63 
TOCT  1012-54 
TOCT  10929—61 
TOCT  6259-71 
MPTy  6-09— 
2098-6.5 
MPTV  6-09— 
3707-67 
TOCT  5859-51 
TOCT  4147-65 
TOCT  4159—64 

bty  py  1307 — 

56 

TOCT  4217-65 
TOCT  4220—65 
TOCT  4207-05 
TOCT  4206—65 
TOCT  4232-65 
TOCT  4461—67 
TOCT  9656—61 

TOCT  2567—54 
TOCT  3118-67 
TOCT  4201-66 
TOCT  6552—58 
TOCT  5817-69 
TOCT  61—69 
MPTV  C— 09 — 
926—63 
PTy  26-55 
(pB30DUC)[iweTlH»J 


KEY:  (1)  Items  (2)  Chemical  formula  (3)  Number  of  the  standard 
or  TU  [Technical  Specifications] 


Continuation  of  Attachment  5 


Meau  cepiioKjiMUfl 
Manilla  OKiicb  - 
HaTp  eaKiifi 
HfifpnA  x.iopncTuifi 
MaTpnii  cepiiouaTiicTpKuc.ibifi  (tuo- 
cy.'ib(j)ju  iiaipiin) 

Harpin'!  vfepi i ok m cji  fi 

HaipnA  iiaAcepiioKiic.nbifi  •  •  • 


CuSO^  •  5HsO 
MgO 
NnOH  .  1 
Nadi 
NajSsOj 


NaaSOi .  IOHjO 

NaaSaOj 


Ccpofipo  a30TiioKiitvioc* 

Cbiuicu  v»-  .ycnoKiic.iwfi 
CnupT  st  -  .oiiuii  rexiumecKiiA  (riia- 
po.uianij.ifl)  ,  <apna  A) 

Cunpr  npuniMomjfi 
CypbMa  Tpcxx^opHcTan 

Timuia  aoyoKiicb 

.  C'O 
0*(|)ciiaTpo.iiui 
(S)  • 

Hacra  TOM 
CO 

Cu.naQ  By,ia 
C  7) 

Cu/iau  Po3e 


iSui i^{^7CTCp‘f  a  m) 


ArNO, 

Pb(CH3C00)a-3H20 

C2H5OH  • 

•  C3H„0 

SbClj  ■ 

Ti02  . 


1'OCT  4 1 65— GS 
rOCT  4526-67 
rOCT  4328—61* 
rOCT  4233— CG 
rOCT  4215-66 


rOCT  6318-68 
MPTV  6-09- 
840-63 

rOCT  1277-63 
TOCT  1027—67 

rOCT  8314-57 

ct  roxms 

iMPTy  6-09- 
2289-65 
Ty  MXn  3052 — 

51 

iy  mxh  3461 — 

53 

CTy  30-12246 
-61 

Ty  MXn  3348— 

52  . 

TyM3n3151  — 
52 


Tpn.NJion3Tii.ncii 
Cepa  TO^mMccKan 
Bywarif^ijiiuliouajibiiaa  3—12 

ByMar&QHJibTpoBa^biiaA  •" 

Baia  rttrpocKonii'iccKaa.  ; 


TOCT  9976-70 
TOCT  127-64 
TOCT  3647— 59 
TOCT  12026—6(5 
TOCT  5556-60 


KEY:  (*l)  0-phenathroline  (?)  [0-phenanthroline]  (5)  CGI  Paste 
(6)  Wood's  alloy  (7)  Rose's  Alloy  (8)  Sulfur,  technical 
(9)  Sandpaper  #3-12  (10)  Filter  paper  (11)  Hygroscopic 

cotton 


.30 


TAHI.K  1 


Methods  Employed  Depending  on  the  Material  of  the  Coating 


(x) 

OciiokmoA  MaropHBA 

npHMeilltMWt  Mtroaw  »  (IMtltCM \MiCTII  OT  M1TC|Hia.U  lltiKpMTMM 

(t)  TOKOnpUHOJUUUCI'O  \ 

MiicTuKoiiportcnMiiicro  • 

<*) 

IICMIUHMTMOrO 

MCTM.IHMtCKOrO 

Cf) 

MintMTHoro 

Mcm.viimecKoro 

TUT 

HCMCTii.i.itricciatro 

MtfdpntinricciiiM'u 

00 

MarmiTiibiA 
(cTa.ib,  Myryii,  mi* 

KCJIb) 

(S) 

MarimTiibiA, 

S^CKTpOMOriMIT* 
nuA,  paAHoakTHQ- 
nuA 

M  oo 

MamiiTiibiA, 

MCKTpOMflnillT- 
HlalA,  paAUOflKTIIB* 
ttuA 

(?) 

MormiTiiufl, 
fACKTpOMniTIIIT*  ] 

nwA,  paAMoaKTiiw* 
111.1A,  mctoa  niixpc* 
max  tokou 

(/o) 

HcMOniHTIlWft 

TOKonpoDOAHiunA 

(aaiomkiihA,  uw> 

*  *p.) 

'  (775  “ 

Mctoa  niixpeowx 

TOKOD,  paA»OaKTHD* 

muA 

M  00  1 

Mctoa  DiixpcDbiN 

TOKOD,  paAHOQKTUD* 

hhI 

77) 

Mctoa  uiixpcuuN 
tokou,  paAnonivTiiu* 

HUft 

• 

050 

HeManniTHbift 

HCTOKUIipOBOAX* 
lUMft  (KepiMHKA, 

njiacwacca) 

0  M 

PaAHOaKTHB* 

Hill  A,  MCTOA  BlIXpC* 
BMX  TOKO! 

*  1 

Mamimihift, 

MCKTpOManiHT- 
huA,  paAiioaKTiii* 
uuA 

1 

KEY:  (1)  Current  conducting  (2)  Does  not  conduct  current  (3)  Base 
material  (*0  Nonmagnetic,  metallic  (f>)  Magnetic,  metallic 
(6)  Nonmetal,  nonorganic  (7)  Magnetic  (steel ,  cant  iron, 
nickel)  (8)  Magnetic,  electromagnetic,  radioactive  (9)  Mag¬ 
netic,  electromagnetic,  radioactive,  eddy-current  method 

(10)  Nonmagnetic,  current  conducting  (aluminum,  corner,  etc.) 

(11)  Eddy  current  method,  radioactive  (12)  Nonmagnetic,  doer 
not  conduct  current  (ceramics,  plastics) 


Fig.  1 


A  diag 
for  th 
method 


TABLE  2 


(0 

Bmji 

noKpNTim 

„  (X) 

OCHOBIIOfl 

Mem  .1,1 
ii.iii  Mcmi.i 
II0AC.10H 

"W 

flOMCp 

pncnio* 

pa 

f40 

KoMIIOIICHTI.I  pflCTUOpi 

('/') 

UmiKODoe 

r  (8)' 

1 

Am mou iiii  nioTfmiuicvibifi 

A\c/u»  ccpuoKiKvian 

Kiic-nom  ccvinnnn  1  ii 

, 

on 

KflAMIICDOC 

(n) 

Cm  m>t 
h  cc  cn^anui 

2 

03) 

Ammoiiiim  n 3 oti i o k n c*ri m »*> 
Knc.iom  co/imuin  1  ii 

(is) 

Me/uioe 

on 

Cra.ni> 

liniiKonbifi 
cimau  0*7) 

HiiKc.ni,  (i$) 

3 

(**) 

>K<VIC30  .NVIop’IOC 

AAc;U»  CCpilOKIKMilM 

HiiKe,ncnoc 

(jo) 

WESBMtBBSi 

XpoMonoc 

Cm) 

I  IlIKOJIU  (/ s) 

Cm. ib 
(8) 

4 

(25) 

klliviom  00.1  Nil  JUT  (ll.lOTIIOClb 
1,10) 

Knc.iom  ccpnmi  (i  i.iotiiocti, 
1.81) 

)KlVI<\U>  .VlOplOC 

A\o;u»  ccpiioKnc.mM 

Cimpr  .yrn.ioni.ifi 

CepcGpnuoc 

(**) 

CM) 

Alc;u>  ii  cc 
cnjiniibt,  miKc.ii* 

5 

(M>) 

Ka.mfi  no;uicn.i u 

Hon 

Continuation  of  TABLE  2 


KotmOIITpillMIfl  P 

* 

npiOIIAK  OKOll'in Mil  n  II 3 MC|>C  11 II M 

m 

mt/t 

M.tj.l 

70 

7 

m 

□ 

Oo)  ■ 

nomwicime  poaoBoro  nnnia 

> 

'  '*  <  * 
i 

17,5 

•+>  mm 

17,5 

c/v) 

nono/iennc  ociioBiioro  mc* 
rajuia 

300 

100 

« 

f/C?)nofiB^cni!c  po3onoro  nnnia 

Ji7^non Decline  ncpiioro  nnnia 

po3onoro  nnnia 

^flonn^eiine  po30Doro  n/in 

y>KC/iToro  nn-nia 

60 

30 

•m  m  • 

220 

100 

100 

(IjftrJonrvicmic  6c/ioro  nnnia 
^Jllonnaciuic  posonoro  nnnia 

250 

7,5 

160 

f— * 

57 

r— v 

i 

t 

150 

250 

0«) 

nonn/iciwc  ocnonnoro  wcia.i' 

J\Q 

rionB^enne  itepiloro  itama 

:-'V v  • 

,U  '  ,  ,  { 1  * 

• "  1 1  *  i  i  '  1 

r  t  :  >  :  :  •  1 

3# 


Continuation  of  TABLE  2 


M  (30) 

MoAiioe, 

„  C8) 

Grajib 

6  , 

>Kc;rc30  x/iopno^ 

CIIAUD  MCAb* 

Knc;ioTa  ccvinium  (n/ioniocTb 

UiiiiK  (.naryii- 

U9) 

hoc) 

Kuc^ora  yKcycima  (fie/tmian) 

i 

Cypi>Ma  Tpcxx^iopiicran 

‘KEY;  (1)  Type  of  coating  (2)  Base  metal  or  metal  of  sublayer 

(*l)  Components  of  eolution  (5)  Concentration  (6)  End-of-teot 
indicator  (7)  Zinfl  (0)  Steel  (9)  Ammonium  nitrate  Copper 
sulfate  Hydrochloric  acid  IN  (10)  Appearance  of  a  pink  spot 
(11)  Cadmium  (12)  Steel,  copper  and  its  alloys  (13)  Ammonium 
nitrate  Hydrochloric  acid  IN  (1*1)  Appearance  of  base  metal 
(15)  Copper  (16)  Steel  (17)  Zinc  alloy  (18)  Nickel  (19) 

Copper  and  its  alloys  (20)  Nickel  (21)  Chromium  (22)  Silver 
(23)  Copper  and  its  alloys,  nickel  (2*1)  Ferric  chloride 
(25)  Hydrochloric  acid  (density  1.19)  Sulfuric  acid  (density 
1.8*1)  Ferric  chloride  Copper  sulfate  Ethyl  alcohol  (26) 
Potassium  lodode  Iodine  (27)  Appearance  of  a  black  snot 
(28)  Appearance  of  a  white  spot  (29)  Appearance  of  a  pink  or 
yellow  spot  (30)  Copper,  copper-zinb  alloy  (brass)  (31)  Ferric 
chloride  Hydrochloric  acid  (density  1.19)  Acetic  acid  (glacial) 
Antimimy  trichloride 

NOTE: 

1,  When  determoning  the  thickness  of  a  chromium  layer,  in  order 
to  disrupt  the  passive  layer,  it  is  necessary  to  touch  the  surface 
of  an  article  with  a  zins  rod  wetted  with  the  solution  being  used. 


35 


Continuation  of  TABLE  2 


2.  In  the  case  of  difficulties  encountered  in  the  determina¬ 
tion  of  the  end  of  dissolution  of  copper  coatings  on  steel,  a  drop 
of  1,5%  solution  of  antimony  trichloride  in  hydrochloric  acid  (1:1) 
is  delivered  peripdically  from  a  pipet  after  the  appearance  of  a 
shiny  pink  spot  of  the  contact-precipitated  cfcpper  or  shortly  before 
the  dissolution  of  the  coating  (before  the  appearance  of  a  dark 
spot).  The  appearance  of  a  dark  spot  2-3  s  af£er  the  drop  is  ap¬ 
plied  indicates  that  the  ooating  has  beor.  dissolved.  Before  the 
drop  is  applied  and  before  the  continuation  of  the  jet  test,  the 
area  to  be  tested  is  rubbed  out  with  filter  paper. 
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Continuation  of  TABLE  3 


KEY;  (1)  Coating  thickness  (Hfc)  removed  in  Is,  in  pm*  (2)  Tempera 
ture,  °C  (3)  Zinc  (4)  Cadmium  (5)  Copper  (for  solution  #3) 
(6)  Nickel  (7)  Chromium  (8)  Silver  (9)  Copper-sine  alloy 
(for  solution  #6) 


NOTE; 

The  value  (H.)  is  given  for  the  2inc  coatings  from  cyanide, 
sulfate,  ammoniate,  and  2incate  electrolytes;  cadmium  coatings 
from  cyanide  electrolytes;  copper  -  from  sulfate  (for  solution  #3)> 
brass  -  from  cyanide;  nickel  -  from  sulfate  and  fluoboric;  silver  - 
from  cyanide  and  thiocyanic  acid;  dull  chromium  -  from  sulfate; 
copper  -  from  sulfate  and  cyanide  electrolytes  (for  solution  #6). 


m&mJL 


1  '  C*>  : 

HUTCpMA  iptMIMU,  " 
CtK 

i 

,  ^  »  _  *>_  *  ' 

'  ’  '  ■'*▼**'  ~ 

%  -  V  « 

■V  >  •  i  O  '  ■  ■ 

AJ*  RMCpMTNft  R»  MHKCMMiX  MXKTfMM* 
T©»  C  &jt*CK046pUy«MMMM  AftOltKttttt 

C3) 

1,4  AytMNXNOJi 

KyMtpi^tj?  H-XO- 

xyoAcyjMputtu 

..  .  .»>  ... 

CST - 

2,6*2.7*H«4»Ti4MH- 

AHCyJMpOKHC.lOTa 

H  (|lOpM».1KH 

•  TcT 
2,6-2,7*MatJ)T«JHM» 

AltCyJU>(|lOKKC.tOTA 

¥ 

*  v 

0-r20 

j  20-40 
[  80-100 

•V  i 

m.: 

1,0 

:  00.: 

\.  \fi  ' ; 

1.3 

:  .1.2  ; 

1.3 

1.0 

0,8 

0,8 

,  «  *» 

1,5- 
*i;4 ; 

1.3 

MM 

. 

;KEY:  (1)  Correction  factors  for  coatings  out  of  nickel  electrolytes 
with  luster- forming  additives  (2)  Time  period,  s  (3)  1,** 
butinediol  (1<)  Coumarin  and  n-toluolsulfamide  (5)  2, 5-2,7- 
naphthalinedisulfonic  acid  and  formal:! n  (6)  2,5-2,7-naphthal- 
inedisulfonic  acid 


TABLE  5 


ToJIUHHi  OOKpHTM*  (Hy),  CHHMieMas  2  MA  paCTBOpa,  MKM 

T«-n*P»yp*.  Cs)  '-7iT 

tuiHKOBoro  KaAMHeBoro  AteAHoro  HHKejieBoro 


1,465  0,886 

1,501  0,900 

1,540  0,914 

1,597  •  0,929 
1,610  0,943 

1,645  0,957 

1,688  0,971 

1,740  0,986 

1,776  *1,000 

1,845  1,014 

1,895  ,  1,029 
1,945  1  1,043 


2,268 

2,370 

2,481 

2,604 

2,747 

2,915 

3,115 

3,344 

3,546 

3,717 

,13,906 


0,995 

1,091 

1,211 

1.355 

1,510 

1,681 

1,832 

1,908 

1,996 

2,070 

2,151 


1,990 

1,057  1 

!  4,255 

1  2,347  i 

2,033 

1,071 

4,425  : 

2,433'  i 

2,080 

1,086 

— 

2,520 

2,126 

1,100  ! 

-  pi 

2,620 

2,173 . 

1.114 

— 

2,720 

2,219 

1,129 

2,820 

2,266 

1,143 

— 

2,920 

KEY:  (1)  Coating  thickness  (Hy)  removed  by  1  ml  of  solution,  urn 
(2)  Temperature,  °C  (3)  Zinc  (H)  Cadmium  (5)  Copper 
(6)  Nickel 

NOTE: 

The  value  (Hy)  is  given  for  the  zinc  coatings  from<  cyanide, 
sulfate,  ammoniate,  and  zincate  electrolytes;  cadmium  from  cyanide; 
copper  from  sulfate,  and  nickel  from  sulfate  electrolytes. 


i  -  - 


liiW 


. . 


TABLE  6 


9)  <70; 

UmiKOBoe  Crajib,  MeXb 
KaAMiieBoe  h  ce  cruiaBbi. 


M  03);  ,  ■  f'O  v 

Me/tfioe.  ;  Crajib,  !  mi-; 


\i  v. 


CepeSpHHoe 


•  (S3)  C/o) 

OjlOBHHHOe  Crajlb,  MeAb 
h  ee  cn.iaBbi 


■  .  Os) 

Cepcopo  ^30THbKiic.noc 


Q%)  S  : 

)KfeAe3o  xAbpHbc  \ 
MeAb  cepHOKiicnaB 


а) ;  Ka.iuft  TiOAHCfbiM 

б)  Harp  lift  'cepnonaTiiCTO- 
KHCJibift  (tubcyjibiJiaT  iiaT- 

P«*») 

Boaa  AHCTiijuinpoBamian 


ojioBo-CBHiicu  in  ec  cnjianbi 


Kiic.ioia  6op(J)TopncTOBo 
AOpOAHan  (fIJIOTHOCTb  1,15) 
FlepeKHCb  BOAOpoAa  30% 
Han 

ZlHCTiw^npoBamian  Boaa 


Continuation  of  TABLE  $ 


Cr p 

ilORB»iC!iiic  :jk)30Boro  nut* 


noflB.iemie  iocnoBnoro  mc- 
xa.n.na  .  i.; 


150  MA 


10  MA 
2,5  MA 
90  MA 


C/9)  : 

noHBJiemie  :po30iioro  nnt- 


Oi) 

30  rioHBJicitfic  ocnoBiioro  Me* 
lajuia 


KEY  for  TABLE  6 

j(l)  Type  of  coating  (2)  Base  metal  or  metal  of  sublayer  (3)  Num¬ 
ber  of  solution  (4)  Solution  components  (5)  Concentration,  g/i 
1(6)  Amount  of  the  component  (7)  Time  (seconds)  the  drop  is  left 
on  the  surface  (8)  End-cf- measurement  indicator  (9)  Zinc  Cadmium 
;(10)  Steel,  copper  and  its  alloys  (11)  Potassium  iodide  Iodine 
K12)  Appearance  of  base  metal  (13)  Copper  (l1!)  Steel,  nickel 
j(15)  Silver  nitrate  (16)  Appearance  of  a  dark  spot  on  steel  or  a 
white  spot  on  nickel  (17)  Nickel  (18)  Ferric  chloride  Copoer 
sulfate  (19)  Appearance  of  a  pink  spot  (20)  Silver  (21)  Copper 
;and  its  alloys  (22)  a)  Potassium  iodide  Iodine  b)  Potassium 
thiosulfate  Distilled  water  (23)  Tin  (2^1)  Ferric  chloride  Cop¬ 
per  sulfate  Hydrochloric  acid  (density  1.19)  (25)  Tin-lead  alloy 

»(PQS)  (26)  Fluoroboric  acid  (density  1.15)  Hydrogen  peroxide  30f 
[Distilled  water 
NOTE: 

When  testing  the  thickness  of  silver  coatings,  a  drop  of  solu¬ 
tion  a  is  applied  to  the  coating  and  left  there  for  60  s,  after 
which,  it  is  removed  with  a  filter  paper  and  a  drop  of  solution  b 
iis  placed  in  the  same  spot,  which  is  left  there  for  30  s  and  then 
Plotted  with  filter  paper.  This  procedure  is  continued  until  the 
•base  metal  or  a  metal  sublayer  shows  through.  When  calculating  the 
:coating  thickness,  only  the  number  of  drops  of  solution  a  o.s  taken 
into  account,  since  solution  b  is  a  supplementary  solution  used  to 
[eliminate  the  silver  iodide  formed  in  the  process  of  silver  dis- 
jsolution. 


TABLE  7 


(2) 

TeMnegarypa, 

TOJIIUHHB  nOKpUTHfl  (H  )y  CHHM3CV.8H  'JU  yKaSflHHOe  BpCMH 
O.lHOfl  K8H.ief(.  MKM  K  ^ 

BUS 

WEEK 

mgstm 

cnjiUB 

n  O.C40  .30  p 

O.lOBO-CBHHeU 

riOCGl  30  s  :/v 

12 

*0,87 

■0,83 

0,55 

0,68 

0,53 

13 

0,91 

*0,85 

0,57 

0.70 

0,54 

14 

0,96  ' . 

■'  0,87 

0.59 

0,72 

0,55 

15 

1,01 

0,89 

0,(51 

0,73 

0,56 

16 

1,05  ... 

0,93 

0,63 

0,75 

0,57 

17 

1,09 

0,97 

0,65 

0,77  , 

0,57 

18 

1,14 

!  1,01 

0,67 

0,79 

0,58 

19 

1,18 

1,05 

0.69 

0,81 

!  0,58 

20 

1,24 

1,08 

0,70 

0,83 

0,59 

21 

1,27 

1.11  | 

0,71 

0.84 

0,*')0 

22  • 

1,32 

1,14 

0,72 

0.86 

0.00 

23 

1,36 

1,16 

0,73 

0,88 

0,61 

24 

1,40 

1,18 

0,74 

0.90 

0,02 

25 

1,45 

1,20 

0,75 

0,92 

0,63 

26 

1,52 

1.21 

— 

0,94 

0,63 

27 

1,59 

1,23 

— 

0,96 

0,64 

28 

1 ,66 

•1,24 

— 

0,97 

0.05 

29 

1,73 

1,25 

— 

0,99 

0,65 

30 

1,80  ' 

1,26 

— 

1,03 

0,66 

KEY:  (1)  Coating  thickness  (H.  )  removed  in  the  given  time  by  one 

drop,  pm  (2)  Temperature,  °C  (3)  Zinc  (4)  Copper  (5)  Nickel 
(6)  Tin-lead  alloy 

NOTE: 

1.  For  the  cadmium  coating,  the  value  (H.  ),  removed  in  30  s 

at  12— 30°C,  is  equal  to  1.2;  for  the  tin  coating  this  value,  at  the 
same  time  and  temperature,  is  0.55;  and  for  the  silver  coating,  at 
18— 25°C  and  for  30  s,  this  value  is  equal  to  1.10. 

2.  The  value  $H.  )  is  given  for  the  nickel  coatings  from  sulfate 
electrolytes;  copper^coatings  from  the  sulfate  and  cyanide  electro¬ 
lytes;  zink  coatings  from  the  ammoniate  and  cyanide  electrolytes; 
cadmium  coatings  from  the  sulfate  and  cyanide  electrolytes;  tin 
coatings  from  -the  acid  and  alkali  electrolytes;  silver  coatines 
from  cyanide  and  thiocyanic  acid  electrolytes;  tin-lead  alloy  from 
fluoroboric  electrolytes. 

3.  When  the  thickness  of  nickel  coating  is  less  than  3  Jim, 
a  drop  of  a  solution  is  left  for  15  s..  At  l8°C  one  drop  removes 
0.3  yin  of  nickel  in  15  s. 
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KEY  FOR  TABLE  8; 

i  '  ,  ■ 

t(l)  (Type  of  coating  (2)  Base  metal  or  metal  of  sublayer  (3)  Num¬ 
ber  -;of  solution  (4)  Solution  components  (5)  Concentration,  g/1 
»(6)  jAmount  of  component  (7)  Temperature  of  solution,  °C  (8)  Method 
of  determination  (9)  Zinc  (10)  Steel  (11)  Sulfuric  acid  (density 
Jl . 84)  Hydrochloric  acid  (density  1.19)  (12)  Using  the  difference 

of  masses  (13)  Cadmium  (14)  Ammonium  nitrate  (15)  Saturated  solu¬ 
tion  (16)  Copper  (17)  Chromium  anhydride  (18)  Nickel  (19)  Am¬ 
monium  nitrate  Acetic  acid  (glacial)  (20)  Chemical  analysis  for 
nickel  (21)  Chromium  (22)  Nickel,  copper  and  its  alloys  (23) 
Hydrochloric  acid  (density  1.19)  Distilled  water  (24)  1  volumetric 
;Part  (25)  Hydrochloric  acid  (density  1.19)  Antimony  trioxide 
?(26)  Silver  (27)  Steel,  copper  and  its  alloys  (28)  Nitric  acid 
(density  1.4l)  Sulfur4 c  acid  (density  1,8*1)  (29)  9  volume  parts 

(30)  Chemical  analysis  for  silver  (31)  Tin,  tin-lead  alloy,  lead 
(32)  Fluoroboi’ic  acid  (density  1.15)  Hydrogen  peroxide  (3055) 
Distilled  water  (33)  Copper-zinc  alloy  (brass)  (3*0  Tin-copper 
alloy  ("white  br-nze"  -40#)  (35)  Tartaric  acid  (5030  Nitric  acid 

!(c-  nsity  1.4l)  (36)  Tin  (37)  Copper-plated  steel,  copper  and  its 

alloys  (33)  Dead  acetate  Sodium  hydroxide  (39)  Bolling  ( *40 ) 

Lead  (41)  Copper-plated  steel  (42)  Sulfamic  acid  Hydrogen  per- 
oxide  (3QJ5)  Distilled  water  (43)  Oxide  (44)  Aluminum  and  its 
lallbys  (45)  Phosphoric  acid  (density  1.68) 

NOTE : 

1,  The  solution  #23  dissolves  only  the  layer  of  pure  tin; 
jferrostanneous  alloy  obtained  by  the  diffusion  of  tin  into  iron 
(during  fusion  in  glycerine,  does  not  dissolve. 

j  2.  The  density  of  the  oxide-aluminum  film  is  3.42  g/cm-3.  : 
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KEY! 


(1)  Base  metal  (2)  Coating  (3)  Baa  to  components  C*0  KndhoN 
teat  indieaton  (5)  Steel  C6)  Ail  types  of  coatings  tr)  o~o« 
dipynidyl  on  O-phenanthroline  Hydneeh Ionic  acid  Titanium 
dioxide  (8)  Red  colon  {$)  Coppen  and  its  alloys  (10)  All 
types  of  coatings >  except  sine  and  cadmium  < 11)  Composition 
#1  Diphenylcanbaaide  Acetic  acid  Ammonium  pe ns ul fate 
Qlycenine  Titanium  dioxide  (12)  Red^bnown  colon  (13)  t?om~ 
position  #g  Cadion  11  (disodium  salt  of  u^nitnodiasoaminoaso* 
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,  benzinedisulfoacid)  Ammonium  Amimnla  Titanium  dioxide 
(1*0  Zinc  and  its  alloys  (15)  All  types  of  coatings  (16) 
Diphenylthiocarbazide  Sodium  hydroxide  Propyl  or  ethyl  al¬ 
cohol  Titanium  dioxide  (17)  Pink-lilac  color  (18)  Aluminum 
and  its  alloys  (19)  Aluminon  (ammonium  salt  of  the  aurin- 
tricarbonic  acid)  Hydrogen  peroxide  Titanium  dioxide  (20) 
Pink  color 


NOTE: 

Composition  # 1  is  not  applicable  for  determining  the  porosity 
of  tin  coatings  and  the  coatings  by  its  alloys. 


TABLE  10 


ummm 

mmm 

~UT 

Bha 

MeTi.i.i 

Howep 

nOKpHTHfl 

HAH  MeTa.1.1 
noAc.ioa 

pacTBopa 

■ :  m 

KoMtioifetiTu  pacTBopa 


y  C8) 

XpOMOBOC  OA»0- 
CJIOHHOC  II  MHOrOr 

cjioAhoc  (liHKejib* 

XpOM,  MeAB-HHKCJIb- 
XpOM.) 

Cwib 

26 

i 

Op) 

KajiHft  x<eJic30ciincpo- 
AHCTblft 

AmmohhA  xjiopncTbifi 
Harpin'!  xjiopiicTuft 

(n) 

XpOMOBOe  OAHO- 
CAofluoe  h  MHoro* 
CJIOftHOe  (HHKMb* 
XpOM) 

03) 

MeAb  n  ce 
cnjianw 

* 

~TD) 

HiiKCJieBoe  oaho- 
cnoiiiioe 

IT) 

CTajib 

27 

i 

j 

fto) 

Kajiufi  >KCJie3ocnncpo- 
AHCTbll'l 

HarpuA  xjiopiicrbifi 

03) 

MeAb  h  ce 
ciiJiaobi 

HiiKe/cBol  MIIO- 
rocjiofiHoe  (mcal- 

IIHKeJIb,  llHKCJlb- 

MeAb'IIHKCJIb) 

IT 

Crajib 

’  08) 

Me^noe 

CD 

CTajib 

! 

I 

(&) 

Ojiobhhhoc 

ny 

Ctaflb.  - 

28 

KajiHH  >Ke.Te3oainepo- 
AHCTblfl  ) 

Hatpinl  x.iopifCTbifi 

Cont.  of  TABLE  10 


•  CO 

KoimciiTpa* 

:  UHfl,  el  A 

' 

Bpexia  nw/icp- 
>kk«  pacTBopa, 
Mlttt 

C7) 

n }>lt3It!l K  nopilCTOCTH 

10 

30  . 
60 

\  *  , 

‘  \ 

\ 

,  « 

i 

10 

r//j 

Cnime  TOMKH  —  nopw 
AO  CTaAH. 

Kpaciio-6ypue  tomkh  — 

UOpbl  AO  MeAH. 

JKeATbie  tomkh  —  no- 

pbl  AO  HHK6AH  . 

*  *  *  ' 

-i 

10 

5 

£>51) 

Cmme  tomkh  —  nopbi 
Ao  era  ah 

20 

s 

t; 

10 

(/<ZJ 

Kpaciio-dypwe  tomkh  — 
nopbi  ao  MeAH 

II 

i 

] 

10 

Cmuie  tomkh  —  nopw 

AO  CTaAH.  (//  ) 

Kpaeno-6ypi>ic  tomkh  — 
nopbi  ao  mcah. 

)KeATbic  tomkh  —  nopw 

AO  1UIKCAH 

i] 

J 

20 

C/sA 

Cmmc  tomkii  —  nopu 

Ao  eta aii 

if  10 

f  5 

60 

r  C/SD 

Cimne  tomkh  —  nopw 

AO  CTaAH 

55 


KEY  FOR  TABLE  10: 

;  (1)  Type  of  coating  (2)  Base  metal  or  metal  of  sublayer 
;  ■  (3)  Number  of  solution  (4)  Solution  components  (5)  Concen¬ 
tration,  g/1  (6)  Time  the  solution  is  left  on,  in  min  (7) 

Sign  of  porosity  (8)  Single-layer  and  multilayer  chromium 
(nickel-chromium,  copper-nickel-chromium)  (9)  Steel  (10) 
Potassium  ferricyanide  Ammonium  chloride  Sodium  chloride 
(11)  Blue  spots  -  pores  extending  to  steel.  Dark-red  spots  - 
pores  extending  to  copper.  Yellow  spots  -  pores  extending  to 
nickel  (12)  Single-layer  and  multilayer  chromium  (nickel- 
chromium)  (13)  Copper  and  its  alloys  (14)  Single-layer  nickel 
(15)  Blue  spots  -  pores  extending  to  steel  (16)  Dark-red  spots 
;  -  pores  extending  to  copper  (17)  Multilayer  nickel  (copper- 

!  nickel,  nickel-copper-nickel)  (18)  Copper  (19)  Tin 
(20)  Potassium  ferricyanide  Sodium  chloride 
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KEY:  (1)  Type  of  coating  (2)  Ntunber  of  solution  (3)  Base  metal  or 
metal  of  sublayer  (4)  Components  of  solution  (5)  Concentra¬ 
tion  (6)  Time,  min  (7)  Oxide,  chemical  (8)  Steel  (9)  Cop¬ 
per  sulfate  (10)  Oxide,  anodized  (11)  Aluminum  and  its  al¬ 
loys  (12)  Hydrochloric  acid  (density  1.19)  Potassium  bi¬ 
chromate  Distilled  water  (13)  Phospahate  (l1!)  Steel,  copper 
sulfate  (15)  Copper  sulfate  Hydrochloric  acid  0.1N  Sodium 
chloride  (16)  2  and  more  (17)  Sodium  chloride 
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KEY:  (1)  Anode-oxidation  electrolytes  (2)  State  of  material  (3) 
Time-control  norms  at  temperatures,  °C,  at  least,  in  min 
(lj)  Sulfuric  acid  (5)  Plated  with  the  coating  thickness  of 
5  pm  (6)  Plated  with  the  coating  thickness  of  10  pm  Sheet 
0.8  mm  without  thickened  plating  (7)  Sheet  0.8  mm  and  sheet 
0.8  mm  with  thickened  plating  (8)  Nonplated  filled  dichromate 
with  the  coating  thickness  of  5  pm  (9)  Chronic  acid  (10) 
Plated  (11)  Nonplated 
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SOLUTIONS  USED  FOR  ETCHING  THE  MICROSECTIONS 
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KEYi  (1)  type  of  coating  (2)  Base  metal  or  metal  of  sublayer  (3) 
Components  of  solution  (4)  Number  of  components  (5)  Etched 
metal  (6)  Zinc,  cadmium,  nickel  (7)  Steel  Zinc  and  its  al¬ 
loys  (8)  Chromic  anhydride  Sodium  sulfate  (9)  Cadmium  and 
2inc  (10)  Nickel  (11)  Copper  and  its  alloys,  copper  sublayer 
on  steel,  zinc  and  its  alloys  (12)  Hydrous  ammonia .with  0.9 
;  density  Hydrogen  peroxide  3?  (13)  volume  part  (l1))  Copper 

*  -  (15)  Nickel,  chromium  (16)  Steel  (17)  Nitric  acid  at  1.^1 
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density  Ethyl  alcohol  (18)  Nickel,  copper,  silver  (19)  aluminum 
[(20)  Hydrofluoric  acid  at  0.987  density  Ethyl  alcohol  (21)  Aluminum 
!(22)j  Silver  (23)  Steel,  copper.and  its  alloys  (2M)  Hydrous  ammonia 
[at  0.9  density  3$  hydrogen  peroxide  Distilled  water  (25)  Silver 
K 26 )  Tin  (27)  Picric  acid  Ethyl  alcohol  (28)  Copper  (29)  Copper 
■and  its  alloys  (30)  Lead  (31)  Perric  chloride  Hydrochloric  acid 
[at  1.19  density  Distilled  water 
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DISTRIBUTION  DIRECT  TO  RECIPIENT 
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MICROFICHE 


A205  DMATC 
A210  DMAAC 
B344  DIA/RDS-3C 
C043  US AMI I A 
C509  BALLISTIC  RES  LABS 
C510  AIR  MOBILITY  R&D 
LAB/FI 0 

C513  -PICATINKY  ARSENAL 
C535  AVIATION  SYS  COMD 
C591  FSTC 
C619  MIA  REDSTONE 
D008  NISC 

H300  USAICE  (USAREUR) 
P005  DOE 

P050  cia/crb/ado/sd 
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